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Environmental exposure to benzene is an important public health concern because it is common (1), particularly in cities (2) , and adverse hematologic effects, including leukemia, have occurred in occupationally exposed workers. It is classified as a human carcinogen by numerous public health agencies and regulated as a toxic air pollutant under the Clean Air Act (1) . Extensive U.S. EPA monitoring has found that several sources contribute to exposure (1) . Mainstream Personal air sampling and exhaled benzene breath measurements have been used previously to assess environmental exposure (1, 2) . Exposure assessment that includes measurement of metabolites in biological specimens would add substantially to the knowledge gained in such research by providing information on individual variation in absorption and metabolism. This variation is an essential factor in the markedly different human susceptibility for toxic outcomes at similar exposure levels. Such data will ultimately allow the identification of high risk individuals and populations.
Urinary phenol has been utilized as a biological monitoring tool for benzene exposed workers; however, phenol is found in many foods and is a product of protein catabolism. As a result, its lacks the specificity needed for exposures below 5 ppm (3). An aliphatic metabolite, trans,transmuconic acid (MA) , is both sensitive and specific when correlated with airborne levels in workers exposed to a wide range of benzene concentrations induding levels as low as 0.1 ppm (3) (4) (5) . Research on MA in subjects not exposed by occupation or revealed significantly higher mean levels in smokers compared to nonsmokers (6) as well as a linear correlation with cotinine in smokers (4. MA excretion in a 12-hr postexposure period has been correlated with short-term ETS exposure (8) . Lastly, the metabolite has been detected in varying proportions of nonsmokers, ranging from 23.7% (9) to 100% (5) . These results suggest that MA may have the requisite characteristics for use as a biomarker for environmental benzene exposure. However, its use in the ppb air level exposures that are characteristic of the environmental setting must be approached carefully since it is not completely specific for benzene; 0.1-0.2% of the food preservative, sorbic acid, is metabolized to MA (10) .
Therefore, we conducted a pilot study whose primary goal was to determine the feasibility of using MA as a biomarker in environmental exposure. A secondary aim was to provide data on the extent of exposure to selected toxicants in a unique population consisting of inner-city children in urban Baltimore, MD. Low socioeconomic status is a risk factor for development of many chronic diseases, including cancer (11) and there is mounting concern that this may be due, in part, to environmental toxicant exposures (12) . However, data to address this concern are limited, particularly in children. Because Ducos et al. (10) . Sodium acetate was added to the mobile phase to stabilize pH and reduce variation in retention times (4) , the organic and aqueous components of the mobile phase were premixed to reduce air bubble generation (13) , and diode array detection was used to increase specificity. Urine pH was adjusted before strong anion exchange (SAX) extraction to ensure reproducible recovery of MA (14) , and the final eluate volume was reduced to 3 ml (6) . In a routine analysis, a 1-ml sample of urine was adjusted to pH 4.5-5.7 with concentrated HCl. The sample was then extracted on a PrepSep SAX cartridge (Fisher Scientific, Fair Lawn, New Jersey) (preconditioned with 3 ml of methanol and 3 ml of water) by application at a flow rate of 1 ml/min using a Gilson minipulse peristaltic pump (Middleton, Wisconsin). After application of the urine, the cartridge was washed with 3 ml of 1% acetic acid at 2 mi/min and the MA was eluted with 3 ml of 10% acetic acid at 1 m/min. Twenty microliters of eluate was injected onto the HPLC. This instrument consisted of a Hewlett-Packard 1090M gradient machine equipped with a diode-array detector. The HPLC column was an Altima C18 5 pm (25 cm x 4.6 mm) analytical column (Alltech Associates Inc., Deerfield, Illinois). The analytical column was preceded by a Brownlee guard cartridge system with a 5 pm (30 mm x 4.6 mm) cartridge (Rainin Instrument Co., Woburn, Massachusetts). Chromatography was isocratic in a mobile phase consisting of glacial acetic acid, 1 M sodium acetate, and methanol (4.5/1.8/100 ml) brought up to 11 at pH 3.0, at a flow rate of 1 ml/min. The column temperature was maintained at 40°C. The mobile phase was filtered and sparged with helium before use. We quantified peak area by the areaunder-the-curve method ofthe supplied software. We calculated concentration from a standard curve regression line.
GC/MS assay. We obtained structural confirmation of elevated MA levels by a gas chromatography/mass spectroscopy (GC/ MS) method adapted from that described by Bechtold et al. (15) . Urine samples were prepared using the PrepSep SAX method, described above. 500 (17) . The inter-and intra-assay variations are reported as less than 6% (17). The limit of detection is 2 ng/ml.
Urinary creatinine assay. We measured creatinine using the Sigma kit (St. Louis, Missouri). This colorimetric assay is based on difference in absorbance at 500 nm of the creatinine-picrate chromogen before and after acidification. Absorbance was measured in a Beckman DU-7 spectrophotometer. The assay described in the kit was followed using a 10-fold urine dilution; however, each sample was modified to use a third of the suggested sample and reagents, thus 1 Figure 2 . The characteristics of the 79 children from Baltimore who participated in the study are shown in Table 1 . These children were generally young; only five of the children were over 6 years old. The population was predominantly black, reflecting the ethnic composition of the inner-city population cared for at the clinic. As expected, blood lead levels were elevated. The mean of 23.6 1ig/dl is well above the 10 pg/dl action level recommended by the Centers for Disease Control and Prevention (18) . Only two children had blood lead levels below 10 pg/dl. Table 2 shows levels of the two urinary metabolites measured in this study with and without adjustment for creatinine. Since the data were rightward skewed, geometric means and medians for MA are also given. Quantifiable levels of MA were found in 57 of 79 samples. Dilute urine was likely a contributing factor since creatinine levels were significantly lower (p < 0.001) in nondetectables. Figure 3 displays the MA values in a frequency distribution plot. We found 6 values (7.6%) above 500 ng/ml. Although not an absolute cut-off, these values are more consistent with occupational than environmental exposure (10) . Structural confirmation was provided by GC/MS analysis on four of these specimens; a chromatogram from one is shown in Figure 4 . Table 3 depicts data on potential sources of benzene exposure and other significant variables found in the study. The sources were diverse. All children were exposed to at least one source with many exposed to two or more. Industrial sources were generally automobile related, such as repair shops. MA mean values from t-test analyses are shown along with the number of subjects in each category. Several statistically significant variables were noted and analyzed further. Figure 5 presents mean creatinine adjusted MA stratified by time spent near the street (TSNS), morning vs. afternoon evaluation, and study period. Despite small numbers in several of the categories, a consistent pattern is noted; levels are higher in the afternoon, during the first half of the study, and in children who spend one or more hours playing near the street after accounting for the other two variables. These variables are presented in linear regression models in Table 4 for environmental benzene exposure. MA was detectable in 72% of subjects with a wide range of values present. In addition, associations were found with sample collection times and a potential benzene exposure source. These results indicate that MA measurement is feasible in this environmentally exposed group and suggest that further validation studies would be of value.
Further interpretation of the MA findings is limited due to lack of data in children and in environmental exposure. Comparison with studies in adults not exposed by occupation shows that our results in children (with and without creatinine adjustment) generally fall between the means reported for smokers and nonsmokers (4-6X19). We also found several elevated MA values. Although such levels have been measured previously in adults with no occupational sources of benzene, our findings were high even in relation to upper limits noted by several other researchers. For instance, 10.1% of our creatinine adjusted results were above the upper value found by Lee et (4, 5, 9) . It also correlated with cotinine in nonoccupationally exposed smokers (7). Furthermore, unlike phenol, which is routinely present in the urine of subjects not exposed by occupation, MA is below the LD in a variable proportion of those studied. However, given the ppb benzene levels in environmental exposure, MA correlation with personal air sampling in this setting will ultimately be necessary to determine the extent of sorbic acid effect on MA and understand the elevated values found in individuals not exposed by occupation.
Due to the variety of benzene sources and the small size of the study, associations of MA with questionnaire exposure data were expected to be limited. However, a few interesting findings were noted. The amount of time spent near the street was a predictor of MA level. This association was clear in spite of the fact that these data were collected on only 68 subjects. Innercity children often play in close proximity to the street for lack of better play areas. Our findings suggest that this may expose them to benzene from gasoline and automobile exhaust and, if confirmed in future studies, provide evidence to support the use of reformulated gasoline. The increase noted in levels between morning and afternoon evaluations may be related to exposure differences because the half-life of this metabolite is short. The recent exposure of children who arrive at the dinic early in the morning and remain there is likely to be less than that of children who spend the morning in their homes and are evaluated later in the day. Lauwerys et al. (5) obtained morning and afternoon specimens in the same individuals; they found a significant increase only in smokers who presumably had exposure during the course of the day. Alternatively, diurnal variation in urine concentration may be more important in children. Variation by study period is less clear and may be a chance finding because it did not have a consistent relation in all regression analyses.
We did not find a consistent relation between MA and either questionnaire measures of ETS exposure or cotinine levels. As noted in Table 3 , mean MA was higher in children whose mothers smoked and those with cotinine values above the median, but not those with household ETS exposure.
Cotinine was a statistically significant variable in the linear regression model for creatinine-unadjusted MA; however, no relation remained if either variable was adjusted for creatinine. This may indicate that, unlike the situation with smokers who receive a substantial benzene dose from mainstream smoke, ETS makes a smaller contribution to urinary MA in comparison with other exposure sources. Alternatively, timing of sample collection may be an issue given the significantly higher mean MA in subjects evaluated in the afternoon. No relations were found between MA and the clinical measures obtained for overexposure to lead (blood lead, hematocrit, and free erythrocyte protoporphyrin).
The second aim of the study was to obtain data on the extent of exposure to various toxicants in urban children thought to be at higher risk due to known overexposure to lead. As expected, these children had elevated blood lead levels. ETS exposure was also excessive. Mean cotinine was well above 30 ng/mg creatinine, a level thought to be consistent with household ETS (22. Sixty-seven percent of children were exposed to ETS in their homes according to questionnaire data. Environmental benzene exposure currently cannot be assessed solely by MA. However, benzene is a component of ETS and a variety of other benzene sources were present in these children based on questionnaire data so exposure to this toxicant is likely to be substantial as well.
In conclusion, this pilot study suggests that MA may be useful in the evaluation of environmental benzene exposure. It also identifies a group of inner-city children at high risk for exposure to multiple toxicants. Further research is needed to determine the significance of the MA levels, particularly the extreme values. Validation of MA by correlation with personal air sampling in the environmental setting is necessary, as is follow-up of these children to determine variation in levels over time.
